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We study the abelian color-flux distribution of the three quark system in the maximally abelian gauge on SU(3)
lattices. The distribution of the color electric field suggests Y Ansatz, which might be interpreted through the
dual superconductor picture as the result of the vacuum pressure in the confined phase. In order to clarify the
flux structure, we investigate the color electric field in the three quark system also in the monopole part and in
the photon part.
1. Introduction
The SU(3) lattice study on the three quark
(3Q) system is important for the clarification of
the baryonic structure. For more than 20 years,
there is a crucial question about the long range
force of the 3Q system [1,2,3,4,5,6]: whether there
is a genuine three body force, or it can be de-
scribed by the sum of the two body forces. In the
former case, the flux structure is expected to be
of “Y -shape”, which has a junction at the point
where the total length of strings from a quark to
the junction is minimal. On the other hand, in
the latter case, the flux structure is expected to
be of “∆-shape”, which consists of the 3 sets of
two body interactions.
In order to distinguish between the two
Ansa¨tze, the 3Q potential was investigated using
lattice simulations by several groups more than
15 years ago[1,2] and also recently[3,4,5,6]. The
question, however, hasn’t been settled yet. Some
authors support the ∆Ansatz[3,4], others find ev-
idence for the Y Ansatz [6] (see also [5]). This
discrepancy is due to the difficulty of measuring
the 3Q potential accurately for a large quark sep-
aration and moreover the difference between the
two Ansa¨tze in the 3Q potential is not large, at
most 20%. Therefore, it is useful to measure the
flux directly using lattice simulations.
A couple of groups measured the flux in multi-
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Figure 1. Three quark abelian Wilson loop.
quark systems. However, for example, the
Helsinki and the UK groups [7] investigated them
only in SU(2), where mesons and baryons have no
differences, and no one has succeeded in the direct
measurement of flux in the 3Q system in SU(3),
since it needs huge statistics and large computer
memory.
We shall study the flux of the three quark sys-
tem in SU(3) after fixing the gauge into the max-
imally abelian (MA) gauge based on the dual su-
perconductor scenario, because it is easy to inter-
pret the flux structure and the validity of this sce-
nario for the flux tube has been confirmed by Bali
et al.[8]. In addition, one can get better signals on
the abelian flux in the MA gauge than on the full
2Figure 2. The three components of the color elec-
tric field. The green component EG flows from
green quark into red quark and blue quark.
flux in SU(3) and its computation needs only less
statistics and memory than the full one, which
means that there is the possibility to succeed in
the measurement of the flux without waiting for
a new bigger supercomputer.
2. Operators and simulation details
The local quantities describing the abelian flux
of the 3Q system are obtained from the correla-
tion between an appropriate operator and the 3Q
abelian Wilson loop:
O(s) =
〈O(s)W3Q〉
〈W3Q〉
− 〈O〉,
where the 3Q abelian Wilson loop is defined by
W3Q =
1
3!
|ǫabc|u
a
R · u
b
G · u
c
B
with a path product
uaC =
∏
s∈ΓC
uaµ(s) ΓC = ΓR,ΓG,ΓB
of abelian link variables along the path ΓC in fig.
1. Differently from the nonabelian case, the color
Figure 3. The magnetic super currents rotating
around the color electric field (green component).
of quarks does not change during the propagation,
because the off-diagonal components of the gauge
field are frozen in the abelian gauge.
The simulation is performed in quenched QCD
at β=6.0 on 163 · 32 lattices. The link variables
are fixed into the maximally abelian gauge with
a simulated annealing algorithm. The 3 static
charges, red, green and blue quarks, are located
at (17, 14) (22, 6) and (12, 6) in the x-y plane, re-
spectively. For noise reduction, we use the smear-
ing method for spatial links of the 3Q abelian
Wilson loop.
3. Flux of the 3 quark system
Figs. 2 and 3 show the color electric field and
the magnetic super current in the 3Q system. For
example, the green component of the electric field
flows from the green quark into the blue and red
quarks. For each flux, we observe a solenoidal
monopole current in the plane perpendicular to
37.5 10 12.5 15 17.5 20 22.5 25
2
4
6
8
10
12
14
16
7.5 10 12.5 15 17.5 20 22.5 25
2
4
6
8
10
12
14
16
7.5 10 12.5 15 17.5 20 22.5 25
2
4
6
8
10
12
14
16
Figure 4. Action density in the abelian(top),
monopole part(middle) and photon part(bottom).
the flux. Corresponding to the amount of flux
of the electric field, there is a magnetic super
current around each flux tube. Our results are
in a qualitative agreement with dual Ginzburg-
Landau theory [9].
In order to clarify the flux structure, we decom-
pose the abelian gauge field into the monopole
part and photon part[10]. Fig. 4 shows the ac-
tion density in the abelian, monopole and photon
parts, respectively. The 3 peaks originating from
the sources appear in the photon part, while the
plateau, which is responsible for a confinement
potential, appears in the monopole part. There
does not appear a dent, which is expected in the
case of ∆Ansatz, in the center of the plateau.
Then, the abelian action density has a clear junc-
tion in the center of the 3 quarks, which suggests
Y Ansatz.
As shown in fig. 5, in the monopole part, there
appear two rotating induced electric fields, which
cancel the electric field by original sources out-
side of the flux. Thus, we can expect the follow-
ing scenario[10]: When the three quark sources
Figure 5. The induced electric field in the
monopole part (green component).
are put into the vacuum, the solenoidal monopole
current appears for each flux, and then they in-
duce the two rotating electric fields such that the
flux is squeezed into the “Y -shape”.
Moreover, we investigated the flux of the 3Q
system also in the full QCD generated with
the non-perturbatively O(a) improved Wilson
fermion action at β=5.29 and κ=0.1355[11]. For
mpi/mρ ≃ 0.7, the flux structure is almost the
same and we did not observe any big effect of
dynamical quarks, like in the case of the quark-
antiquark flux tube[12].
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